Introduction
============

The occurrence of neutropenia is a frequent complication for patients who undergo cytostatic chemotherapy for the treatment of a malignant hematological disease or a solid tumor, and when fever occurs (febrile neutropenia), it is considered as a severe complication.[@b1-jbm-10-021] The frequency of neutropenia and its severity, as well as the probability of febrile neutropenia, are related to the scheme of chemotherapy used, malignancy and patient-specific factors (gender, age, presence of concomitant diseases and general health status);[@b1-jbm-10-021],[@b2-jbm-10-021] in most cases, febrile neutropenia indicates a severe infection.[@b3-jbm-10-021] Its incidence is between 80% and 90% in patients affected with acute myeloid leukemia and about 50% in patients with solid tumors.[@b4-jbm-10-021]--[@b6-jbm-10-021] Whether febrile neutropenia is associated with infection or not is one of the principal causes of hospitalization, which can lead to high follow-up costs.[@b7-jbm-10-021]--[@b9-jbm-10-021] Prophylaxis with recombinant granulocyte-colony stimulating factor (G-CSF) is recommended to prevent febrile neutropenia and associated secondary events such as infections.[@b1-jbm-10-021],[@b2-jbm-10-021] Current guidelines recommend primary prophylactic administration of G-CSF during the first chemotherapy cycle (and hence all subsequent cycles) when the risk of febrile neutropenia is over 20%.[@b1-jbm-10-021],[@b2-jbm-10-021] The risk assessment should be performed before each cycle, since the risk constellation for febrile neutropenia may change during treatment.[@b1-jbm-10-021],[@b2-jbm-10-021]

Currently, 4 original G-CSF molecules are commercially available in the European Union (EU) and Italy: filgrastim (FIL), lenograstim (LENO) and pegfilgrastim (PEG), as well as lipegfilgrastim, which is the most recently available preparation; moreover, various filgrastim biosimilars are available, whereas no biosimilars exist for LENO and PEG.[@b10-jbm-10-021]--[@b12-jbm-10-021]

However, the active ingredients differ in their dosage, duration of use, available strength, package size and price.[@b13-jbm-10-021],[@b14-jbm-10-021] PEG is administered in a standardized 6 mg dose, once per chemotherapy, an active ingredient amount equivalent to individual doses of 30 million units of daily G-CSF for 11 consecutive days.[@b15-jbm-10-021]--[@b17-jbm-10-021]

LENO, unlike FIL and PEG, is a glycosylated form of G-CSF. Glycosylation increases the receptor affinity of the protein to the corresponding receptor, creates a higher plasma half-life and confers temperature resistance (no need for refrigeration).[@b18-jbm-10-021] In vitro studies have demonstrated that granulocytes primed with filgrastim show a lower functionality and a less mature phenotype compared with those primed with glycosylated G-CSF.[@b19-jbm-10-021]--[@b21-jbm-10-021] From a clinical point of view, lenograstim demonstrated a lower incidence of febrile episodes compared to filgrastim; a higher number of patients achieved the target dose of CD34+ cells during mobilization of autologous stem cells and in a slightly shorter time, reducing the duration of neutropenia.[@b22-jbm-10-021]--[@b24-jbm-10-021] The dose of LENO and FIL is patient specific, which is calculated based on body weight and administered daily until neutrophil counts recover.[@b25-jbm-10-021] In outpatient treatment, this goal is achieved after an average of 5--6 days for LENO,[@b26-jbm-10-021] while for some patients, a longer duration of G-CSF has been prescribed (maximum of 10--11 days).[@b25-jbm-10-021],[@b26-jbm-10-021] The individual dose required and the frequency of G-CSF administration, in one chemotherapy cycle, have been considered the only determining factors in the cost of G-CSF prophylaxis per cycle.

Assuming that a clinical difference between LENO and FIL could also be observed in the hospital setting, we decided to conduct a retrospective study to evaluate the efficacy and related costs of using LENO or FIL as primary prophylaxis of chemotherapy-induced neutropenia in a hematological inpatient setting.

Patients and methods
====================

In the Hematological Department of Careggi Hospital, Florence (Tuscany, Italy), a retrospective comparative study has been carried out to evaluate two different cohorts of patients: one treated with LENO (from 2009 to 2011) and one with FIL (from 2012 to 2014). From 2009 until the end of 2011, LENO was the only G-CSF available in the hospital, while from January 2012, due to an expenditure restraint, the bio-similar form of FIL replaced the glycosylated G-CSF.

Data sources and resources
--------------------------

Since 2008, medical records have been converted into electronic documents and the following inclusion criteria have been considered to recover patient data in the electronic database: patients affected by hematological malignancies and who were admitted to the hospital for the administration of chemotherapy regimens and required G-CSF prophylaxis. The main exclusion criteria were hospitalization, mobilization of autologous stem cell or other concomitant illness different from chemotherapy administration, which requires G-CSF prophylaxis. Our retrospective database analysis has been conducted in accordance with the Declaration of Helsinki, and informed consent was not required due to the anonymous and retrospective design of the data collection. The analysis has been notified to the ethical committee of Careggi Hospital that received and approved the study.

Endpoint
--------

The primary endpoints of the analysis were the efficacy of the two G-CSFs in terms of the level of white blood cells (WBCs), hemoglobin and platelet at the end of the treatment and the per capita direct medical costs related to G-CSF prophylaxis.

It is therefore important to isolate the variables directly related to the use of the two drugs considered (LENO vs FIL/ biosimilar). In this way, it is possible to assess which of the two alternatives would lead to a lower use of hospital resources. We considered direct medical costs (from 2014) related to G-CSF infusion, including drug cost, the personnel directly involved in the medicine's infusion and consumables and inpatient stay costs, assuming the hospital authority's point of view.

The cost per infusion was calculated through a micro-costing approach, which was identified through an interview with a Key Opinion Leader, the input resources needed for a standard infusion and the related costs (VAT inclusive) collected within the hospital accounting service. The only variable cost between the two cohorts was that of the drug. The total cost per infusion was 55.9 € for LENO and 22.3 € for FIL (biosimilar), inclusive of drug cost, consumables and human resources.

Due to lack of data from Careggi Hospital, where the analysis was performed, the cost per day of hospitalization in 2014 was estimated considering the data published by the Italian Ministry of Economy and Finance in relation to the average inpatient day cost in Italy and Tuscany in 2004 discounting the values using the Italian annual average inflation rates (International Monetary Fund, 2016), which were 839 € and 1,031 €, respectively.

The direct medical costs per patient were assessed taking into consideration the number of G-CSF infusions administered and the number of inpatient days after starting the treatment with growth factor until discharge.

The collected and analyzed data do not allow a detailed analysis on the real absorption of resources linked to each individual patient (in terms of outpatient services performed during hospitalization, etc.), therefore different statistical index positions were considered in relation to the variables considered: median values for the number of vials used in the two cohorts (LENO vs FIL/biosimilar) and for inpatient days.

To assess the variability of the results, the same evaluation was conducted by considering the first and third quartiles for the number of days of inpatient stay and the number of vials.

Statistical methods
-------------------

Demographic characteristics were examined according to qualitative or quantitative data. In general, demographic qualitative data were summarized using absolute frequencies and percentages and analyzed using the chi-squared test, while quantitative data were summarized using medians and ranges and analyzed using an unpaired independent *t*-test. Comparisons between treatments with respect to the times to bone marrow recovery and times from recovery to hospital discharge were performed using a log-rank test with associated event-free curves reported in graphs using the Kaplan--Meier approach. Comparisons between treatments with respect to the number of vials were performed using the Wilcoxon rank sum test. A two-sided test with a *P*-value less than or equal to 0.05 was considered statistically significant. Computations were performed using SAS software, version 9.2.

Results
=======

A total of 212 patients have been included in the analysis: 96 treated with LENO (Myelostim) and 116 with FIL (Tevagrastim); the median age was 52 and 54, respectively. Leukemia was the predominant disease, 69.8% and 60.3% in the LENO and FIL cohort, respectively. During hospitalization, nearly all patients received antibiotic and antifungal prophylaxis. The patients' characteristics are reported in [Table 1](#t1-jbm-10-021){ref-type="table"}.

A significantly higher number of FIL vials than LENO vials (11 vs 7; *P*\<0.03) were necessary to obtain the full bone marrow recovery and thus caused an increase in the number of days with high risk for infection in neutropenic patients (8 vs 5; *P*\<0.005). Moreover, a higher number of days before hospital discharge were necessary in patients treated with FIL compared with those treated with LENO (12 vs 10), as reported in [Table 2](#t2-jbm-10-021){ref-type="table"}, which reflects the higher final cost per patient.

A statistically significant difference has been detected between LENO and FIL in terms of grade 3--4 neutropenia at the time of discontinuation (29.3% vs 16.7%, *P*=0.031; [Figure 1](#f1-jbm-10-021){ref-type="fig"}). No differences were observed among patients treated with FIL or LENO in terms of final efficacy (bone marrow recovery; [Figure 2](#f2-jbm-10-021){ref-type="fig"}). A significant hematological toxicity associated with the type of G-CSF was similar in terms of all grades of WBC, hemoglobin and platelet recovery (*P*=0.70, *P*=0.70 and *P*=0.58, respectively), thus reflecting no differences in the completion of chemotherapy and toxic death.

[Table 3](#t3-jbm-10-021){ref-type="table"} shows the average cost of patients treated with FIL/biosimilar and LENO, using the median days of treatment with growth factor at discharge and the number of vials, the cost data of daily hospitalization presented in the patients and methods section, and data obtained using the first and third quartiles.

The use of LENO instead of FIL would lead to a decrease of direct medical costs related to inpatient stay and infusions considering median values, with a cost (€) per patient (using inpatient costs data from Tuscany) of 10,706 and of 12,623, respectively, and with a cost (€) per patient (using inpatient costs data from Italy) of 8,777 and of 10,309, respectively. The use of LENO would lead to cost decreases of --15.2% and --14.9%.

The data from the first quartile for the number of vials used per patient and inpatient stay show a further decrease of costs due to the use of LENO, leading to cost decreases of --31.6% and --31.3% (using data from Tuscany and Italy, respectively). The data from the third quartile show an increase of costs of 8.3% and of 8.8% (using data from Tuscany and Italy, respectively).

Discussion
==========

The chemotherapy regimen is one of the primary determinants of the risk of neutropenia, given that some regimens are more myelotoxic than others,[@b3-jbm-10-021] and this is one of the most relevant causes of morbidity and mortality.[@b8-jbm-10-021],[@b9-jbm-10-021] Febrile neutropenia remains a life-threatening medical condition, despite the wide availability of effective antibiotics.[@b8-jbm-10-021],[@b9-jbm-10-021]

It frequently causes significant hospitalization costs when developed by patients treated with chemotherapy.[@b27-jbm-10-021],[@b28-jbm-10-021] These costs include both direct medical costs and indirect costs that are borne by the patient and caregivers.

The administration of G-CSF decreases the incidence of febrile neutropenia and allows the maintenance of a correct dose density and intensity.[@b1-jbm-10-021],[@b2-jbm-10-021] It is also important to underline the fact that completion of all planned chemotherapy cycles is essential in order to provide patients with the maximum chance of treatment success,[@b29-jbm-10-021],[@b30-jbm-10-021] and febrile neutropenia may cause dose reduction and treatment delay limiting the efficacy of therapy.[@b29-jbm-10-021],[@b30-jbm-10-021]

It has been clearly established that in patients receiving myelotoxic chemotherapy regimens, prophylaxis with a G-CSF, the primary regulator of granulopoiesis, decreases the occurrence of febrile neutropenia.[@b1-jbm-10-021],[@b2-jbm-10-021]

Three original G-CSF preparations are commercially available in the EU and Italy: LENO, FIL and its biosimilars, PEG,[@b31-jbm-10-021] as well as lipegfilgrastim, which is the most recently available preparation.

Despite the fact that all the G-CSFs are reported as similar, considerable evidence has been published indicating that there are chemical, biological and clinical differences between glycosylated and non-glycosylated (pegylated and non-pegylated) molecules.[@b32-jbm-10-021]

According to international guidelines, in settings characterized by a high risk of febrile neutropenia (20% or more), prophylaxis with G-CSF is indicated[@b1-jbm-10-021],[@b2-jbm-10-021] starting at 24--48 hours after chemotherapy. The number of injections and the duration of prophylaxis are still a matter of debate, and we know that the onset and the duration of nadir are key points to establish the starting day and duration of G-CSF administration after chemotherapy.[@b3-jbm-10-021]

A shorter schedule seems to decrease the incidence and severity of side effects, is cost saving and more effective.[@b33-jbm-10-021]--[@b36-jbm-10-021] In addition, a large survey by Falandry et al[@b26-jbm-10-021] indicates that the required duration of daily G-CSF administration is significantly shorter than recommended in guidelines, namely, 5.5 days, whereas only 9.3% of the patients exceed 7 days. Possible explanations for the discrepancies between guidelines and clinical practice could be that guidelines are often based on studies designed to ascertain the efficacy of G-CSF vs placebo, regardless of proper timing and duration.

In our study, a significantly higher number of FIL vials than LENO vials have been necessary to fully recover bone marrow depletion, with a significant difference between the two G-CSF in terms of grade 3--4 neutropenia at the time of G-CSF discontinuation, 29.3% vs 16.7%, *P*=0.031. The delay in bone marrow recovery increased the days of hospitalization in patients treated with FIL compared with those treated with LENO (12 days vs 10 days).

Despite the higher cost per vial of LENO with respect to FIL/biosimilar, the median direct medical costs per treatment (drug, infusion and inpatient stay) in patients with neutropenia were lower due to a lower use of vials to resolve neutropenia and due to the reduction of inpatient stay.

The median treatment cost per cycle, in terms of infusions and inpatient stay, amounted to 10.706 € for LENO, compared to 12.623 € for FIL/biosimilar, considering data for inpatient stay from Tuscany (the region where the hospital in which the analysis was performed is located), with a difference of --15.2%. The identification of LENO as a cost-saving G-CSF compared with FIL in Italy is in line with other published cost comparisons.[@b37-jbm-10-021],[@b38-jbm-10-021]

Conclusion
==========

The use of LENO has been associated with a lower number of days of hospitalization, number of vials and less incidence of grade 3--4 neutropenia at the time of G-CSF discontinuation. LENO seems to be cost-saving compared to FIL.

The economic analysis performed is to be considered conservative due to the lack of quantification of the costs associated with the management of drugs (purchase, storage and handling), which in the case of FIL/biosimilar are likely to be higher due to the need for storage at a low temperature. Future prospective economic evaluations should consider the collection of all direct medical costs and assume a societal perspective to assess indirect costs related to patients and caregivers.
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###### 

Description of patients' characteristics

  Variables             Lenograstim    Filgrastim       *P*-value
  --------------------- -------------- ---------------- -----------
                                                        
  Age (years)                                           
   Median (range)       52 (18--84)    54 (18--81)      0.319
  Gender                                                
   Female               52.1 (50/96)   47.4 (55/116)    0.547
   Male                 47.9 (46/96)   52.6 (61/116)    
  Tumor type                                            
   Leukemia             69.8 (67/96)   60.3 (70/116)    0.152
   Others               30.2 (29/96)   39.7 (46/116)    
  Previous tumor                                        
   No                   91.7 (88/96)   89.7 (104/116)   0.618
   Yes                  8.3 (8/96)     10.3 (12/116)    
  Pt naive (yes/no)                                     
   No                   64.6 (62/96)   63.8 (74/116)    0.905
   Yes                  35.4 (34/96)   36.2 (42/116)    
  Previous transplant                                   
   No                   93.8 (90/96)   91.4 (106/116)   0.5154
   Yes                  6.3 (6/96)     8.6 (10/116)     

###### 

Description of G-CSF activity

  Variables                                                                Lenograstim   Filgrastim   *P*-value
  ------------------------------------------------------------------------ ------------- ------------ -----------
                                                                                                      
  G-CSF doses (number of vials)                                                                       
   Median (range)                                                          7 (1--64)     11 (4--49)   0.028
  Days to bone marrow recovery[a](#tfn1-jbm-10-021){ref-type="table-fn"}                              
   Median (range)                                                          5 (1--32)     8 (3--57)    0.004
  Days from recovery to hospital discharge                                                            
   Median (range)                                                          10 (1--73)    12 (4--61)   0.695

**Note:**

Neutrophil count \>1,000 mcl.

**Abbreviation:** G-CSF, granulocyte-colony stimulating factor.

###### 

Cost per patient in the lenograstim and filgrastim groups and percentage difference

  Inpatient day cost setting   Inpatient days and number of vials values   Cost per patient -- lenograstim group (€)   Cost per patient -- filgrastim group (€)   D%
  ---------------------------- ------------------------------------------- ------------------------------------------- ------------------------------------------ --------
                                                                                                                                                                  
  Tuscany                      Median                                      10,706                                      12,623                                     --15.2
  First quartile               6,468                                       9,462                                       --31.6                                     
  Third quartile               19,349                                      17,870                                      +8.3                                       
  Italy                        Median                                      8,777                                       10,309                                     --14.9
  First quartile               5,311                                       7,726                                       --31.3                                     
  Third quartile               15,877                                      14,591                                      +8.8                                       
